The present study was designed to determine the allelopathy effects of aqueous extracts of leaves of two medicinal plants of Sapindus mukorossi Gaertn and Leucaena leucocephala (Lam.) de Wit. on seed germination, radicle length, mitotic index and chromosomal aberrations in two verities of vegetable crop pea (Pisum sativum), the most popular in India. The results of the present experiments revealed that the extracts of the two medial plants have an inhibitory effect on seed germination, radicle growth, mitotic index and chromosomal aberrations in crop pea owing an occurrence of allelochemicals.
Allelopathy is a biological phenomenon wherein one plant releases bioactive chemicals into the surrounding environment that affect the growth of other plants (Rice 1984) . These biochemicals are categorized as secondary plant metabolites for example flavonoids, phenolics, alkaloids, isoprenoids, gluconolates, and terpanoids are categorized as secondary plant metabolites. Allelochemicals are found in all plant parts, including flowers, fruits, leaves, roots, stems, seeds, pollen, and rhizomes. The phytotoxic properties of ingredients released by root exudation, residue decomposition and leaching of various plants on seedling growth and germination of the related plants have been adequately revealed (Tripathi et al. 1998 , Bhatt and Chauhan 2000 , Siddiqui et al. 2009 , Siddiqui 2016 ). However, no study has been ever done on the allelopathic behavior of two medicinal plants (S. mukorossi and L. leucocephala) on seed germination, radicle length, mitotic index and chromosomal aberrations on the most popular vegetable crop (pea) of India.
The present study was instigated with the intention to conclude the effect of allelopathic behavior of two medicinal plants on pea plant cultivated by farmers all over India.
Materials and methods

Sample preparation
From various areas of Bundelkhand University Campus, Jhansi, India, fresh leaves of S. mukorossi and L. leucocephala were collected from the middle portion of the tree canopy. Collected leaves were washed and shade-dried. By using a blender, leaves were powdered and various concentrations of the extract (12.5, 25 and 50 g L 1 ) were prepared by utilizing double distilled water. For control, distilled water is taken. For 48 h, solutions prepared were retained in a water bath at 30-45 C (Siddiqui 2014) . By using sterile cotton followed by Whatman No.1 filter paper, resultant extracts were filtered, sealed and stored for future consumption in a refrigerator.
Seed treatment
Pisum sativum seeds of two genotypes (VRP-6 and KPM-522) were surface sterilized for 1 min with 2% NaClO. They were rinsed with sterile distilled water many times. Thirty seeds of both genotypes were placed in 15 cm diameter Petri dishes lined with the filter papers which is then saturated with 5.0 mL extract from the two medicinal plants. By using distilled water, a separate control series was set up. For six days, the plates were placed in an incubator having a 14-h light/10-h dark cycle. Petri dishes were kept moist by adding 3.0 mL of extract or distilled water as per requirement. After 24 h, germinated seeds were counted and radicle length was measured (Siddiqui et al. 2009 , Siddiqui 2016 . Three replicates were prepared. Under similar experimental conditions, the whole experiment was repeated thrice.
For two medicinal plant extracts lethal dose-50% (LD-50) was evaluated on the basis of the total number of germinated seeds in a treatment.
Cytogenetic analysis
The root tips of germinated seeds were used as a source of mitotic cells for studying the cytogenetic changes induced by aqueous leaf extracts on two genotypes of P. sativum. The root tips were thoroughly washed with water. They are fixed for 24 h in a solution of three parts of alcohol and one part of glacial acetic acid and stored in 70% ethanol for future consumption. For 15 min the fixed root tips were hydrolyzed in 0.1 M HCl at 25 C. For 10-20 min, they were stained in leuco basic fuchsin as stated earlier (Siddiqui et al. 2007) . In 2% acetocarmine, the stained region of root tip was squashed on a glass slide which is then mounted and examined their mitotic index and chromosomal aberrations in metaphase and anaphase plates under a microscope.
Based on the number of abnormal cells per total cells scored at each concentration of each sample, the mitotic index, and frequency of chromosomal aberrations were determined (Fiskesj 1985 , Bakare et al. 2000 . A minimum of 100 cells was scored from each slide and mitotic index was calculated. In a minimum of 100 metaphase and anaphase plates per slide, chromosomal aberrations such as micronucleus (MN), stickiness (STC), laggards (Lg), c-mitosis (C-m), precocious separation (PS), fragments (FR) and bridges (BR) were examined and stated in percentage.
Statistical analysis of data
Using a SPSS software (version 16.0, SPSS Inc., Chicago, USA), data were evaluated by analysis of variance (ANOVA). At p 0.05, the differences were considered as statistically significant. LSD denotes Fisher s least significant difference.
Results
Effect of aqueous extract of S. mukorossi and L. leucocephala on seed germination (SG) Figure 1 shows the result of the effect of different concentrations of the extracts of S. mukorossi and L. leucocephala on SG of genotypes VRP-6 and KPM-522. After 24 h treatment, extract of S. mukorossi induced a non-significant reduction in SG of the genotype VRP-6 at all concentrations examined (12.5 to 50 g L 1 ) as compared to control group whereas extract of S. mukorossi induced a significant reduction (p 0.001) in SG of genotype KPM-522 when compared to control group. Group that is treated with 50 g L 1 concentration, no SG takes place in the genotype VRP-6 and approximately 33% SG takes place in the genotype KPM-522. This shows that the extract of S. mukorossi induced a dosedependent inhibitory effect on SG in KPM-522 ( Fig. 1A , C, E). At 24 h after treatment, extract of L. leucocephala induced a significant reduction in SG of the genotype VRP-6 at all concentrations examined (12.5 to 50 g L 1 ) as compared to control group (p 0.001). 10% SG takes place in control group whereas in treated group maximum SG takes place in 25 g L 1 concentration (ca.18%).
The extract of L. leucocephala induced a non-significant reduction in SG of the genotype KPM-522. Approx. 44% SG takes place in control group whereas in treated group maximum SG takes place in g L 1 concentration (ca.53%). Group that is treated with 50 g L 1 concentration, no SG takes place in genotype VRP-6 and approximately 40% SG takes place in genotype KPM-522. This shows that the extract of L. leucocephala induced a dose-dependent inhibitory effect SG in both genotypes VRP-6 and KPM-522 ( Fig. 1B , D, F) After 48 h treatment, extract of S. mukorossi induced a significant reduction in SG of genotype VRP-6 at all concentrations examined (12.5 to 50 g L 1 ) as compared to control group (p 0.001). 53.3% SG takes place in control group whereas in treated group maximum SG takes place in g L 1 concentration (ca.28%). However, extract of S. mukorossi induced a significant reduction. In SG of the genotype KPM-522 when compared to control group (p 0.001) at higher concentration 50 g L 1 and 100% SG takes place in 12.5 and 50 g L 1 concentration. At 48 h after treatment, extract of L. leucocephala induced a significant reduction in SG of genotype VRP-6 at 12.5 and 50 g L 1 concentrations when compared to control group (p 0.001 and p 0.05). Approx. 33% SG takes place in control group whereas in treated group maximum SG takes place in 25 g L 1 concentration (ca.21%). Whereas extract of L. leucocephala induced a non-significant reduction in SG of genotype KPM-522 at all concentrations when compared to control group. Approx. 58% SG takes place in control group whereas in treated group maximum SG takes place in 12.5 and 50 g L 1 concentration (ca.63%).
After 72 h treatment, extract of S. mukorossi induced a significant reduction in SG of the genotype VRP-6 at 25 and 50 g L 1 concentrations examined as compared to control group (p 0.05 and p 0.01). Approx.78% SG takes place in control group whereas in treated group maximum SG takes place in 25 g L 1 concentration (ca.97%). However extract of S. mukorossi induced a non-significant reduction in SG of the genotype KPM-522 when compared to control group (p 0.05) at all concentrations and 100% SG takes place in all concentrations. At 72 h after treatment, extract of L. leucocephala induced a significant reduction in SG of the genotype VRP-6 at all concentrations when compared to control group (p 0.001). Ninety percent SG takes place in control group whereas in treated group maximum SG takes place at 50 g L 1 concentration (ca.53%). The extract of L. leucocephala casued a non-significant reduction in SG of the genotype KPM-522 at all concentrations. Approx. 73% SG takes place in control group whereas in treated group maximum SG takes place at 50 g L 1 concentration (ca.67%).
Effect of extract of S. mukorossi and L. leucocephala on radicle length (RL) Table 1 elucidates the result of the effect of different concentrations of the extracts of S. mukorossi and L. leucocephala on RL of genotypes VRP-6 and KPM-522. In control seeds of P. sativum, RL increased with increase in time which was 1.02 1.28 in VRP-6 and 3.88 0.69 in KPM-522 at 72 h. At 24 h and 48 h after treatment, a significant decrease in RL was observed in both genotypes VRP-6 and KPM-522 when compared to control (p 0.001).
After 72 h treatment, a non-significant decrease in RL was observed in genotype VRP-6 when compared to control (p 0.05) whereas in genotype KPM-522, a significant decrease in RL was reported in 12.5 and 25 g L 1 concentration when compared to control (p 0.05). In untreated seeds of P. sativum, RL increased with increase in time which was 2.11 0.82 in VRP-6 and 2.79 1.81 in KPM-522 at 72 h. At 24 and 48 h after treatment, a significant decrease in RL was observed in genotypes VRP-6 when compared to control (p 0.001) whereas is genotype KPM-522 a non-significant decrease in RL was reported when compared to control (p 0.05). After 72 h treatment, a significant decrease in RL was observed in genotype VRP-6 when compared to control (p 0.001) where as in genotype KPM-522, a significant decrease in RL was reported in 12.5 and 50 g L 1 concentration when compared to control (p 0.05 and p 0.01).
Effect of aqueous extract of S. mukorossi and L. leucocephala on mitotic index (MI) MI observed in root tips treated with the extract of S. mukorossi on the genotypes VRP-6. The control group shows an MI of 13.8 1.92%. In treated seeds, the MI decreases with increase in concentration. The extract of S. mukorossi induced a significant reduction in MI when compared to control (p 0.001). MI observed in root tips treated with the extract of S. mukorossi on genotypes KPM-522. The control group shows an MI of 18.4 2.86%. In treated seeds, the MI decreases with increase in concentration. The extract of S. mukorossi induced a significant reduction in MI when compared to control (p 0.001) ( Fig. 2a) .
MI observed in root tips treated with the extract of L. leucocephala on the genotypes VRP-6. The control group shows a MI of 15.8 3.42%. In treated seeds, the MI decreases with increase in concentration. The extract of L. leucocephala induced a significant reduction in MI when compared to control (p 0.001). MI observed in root tips treated with the extract of L. leucocephala on genotypes KPM-522. The control group shows an MI of 17.8 3.76%. In treated seeds, the MI decreases with increase in concentration. The extract of L. leucocephala induced a significant reduction in MI when compared to control (p 0.001) (Fig. 2b ). The lowest MI was observed in seeds treated with 50 g L 1 concentration of extract of L. leucocephala and S. mukorossi on both genotypes VRP-6 and KPM-522. Overall inhibitory effect of the extract on MI of L. leucocephala S. mukorossi. The extracts S. mukorossi and L. leucocephala had some effects on cell division due to their inhibitory effects. Flavonoids, alkaloids, anthraquinones, saponoside, and tannins are found in extracts and this might and these may be liable for the inhibitory effects found here. Various other studies have revealed that decline in cell division activity might be because of the alteration in the period of the mitotic cell cycle.
Effect of aqueous extract of S. mukorossi and L. leucocephala on chromosomal aberrations (CA) The mitotic preparation from root tips of genotype VRP-6 and KPM-522 seeds treated with leaf extracts of S. mukorossi (Table 2) and L. leucocephala (Table 3) demonstrated dose-dependent CAs such as MN, STC, Lg, C-m, PS, FR, and vagrants (Tables 2, 3 and Fig.  3 ). Mitotic abnormities in root tips of genotype VRP-6 treated with different concentrations of aqueous leaf extract of S. mukorossi. C-m was the most commonly found (2.40%) whereas micronucleus was the least observed (ca.0.20%). The incidence of different chromosomal abnormalities induced by aqueous leaf extract of S. mukorossi at 50 g L 1 concentration was significant when compared to control (p 0.001) and was in the following order, C-m (2.4%), FR (1.4%), STC and BR (1.0%) PS (ca.0.8%) laggards and vagrant (ca.0.6%), MN (0.20%). Mitotic abnormities in root tips of the genotype KPM-522 treated with different concentrations of aqueous leaf extract of S. mukorossi. C-m was the most commonly reported to be 2.0% whereas vagrant was the least reported 0.04%. The incidence of differ- Control 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 12.5 g L 1 0.00 0.00 0.20 0.20 0.40 0.24 c 0.60 0.40 b 0.00 0.00 0.00 0.00 0.60 0.40 a 1.0 0.44 a 0.20 0.17 0.40 0.24 b 0.00 0.00 0.40 0.24 c 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 25 g L 1 0.00 0.00 0.40 0.24 b 1.20 0.37 ay 1.0 0.31 a 0.40 0.24 a 0.60 0.40 ay 1.20 0.58 ay 1.20 0.48 by 0.40 0.24 by 0.80 0.37 a 0.00 0.00 0.80 0.37 az 0.00 0.00 0.40 0.24 b % 0.00 0.00 0.40 0.24 ay 50 g L 1 0.20 0.20 ay 1.40 0.40 ay 1.00 0.44 ay 1.80 0.48 ay 0.60 0.24 a 1.0 0.44 ay 2.40 0.24 ay 2.0 0.31 ay 0.80 0.37 ay 1.60 0.24 a % 1.40 0.5 ay 1.00 0.31 ay 1.0 0.31 ay 0.60 0.24 ay 0.60 0.40 ay 0.40 0.24 ay a p 0.001, b 0.01, c 0.05 vs. control, y 0.001, z 0.05 vs. 12.5 g L 1 . Data are mean of three replicates SE. Conrol 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 12.5 g L 1 0.00 0.00 0.00 0.00 0.40 0.24 0.60 0.24 c 0.00 0.00 0.00 0.00 0.20 0.10 1.00 0.44 a 0.20 0.20 0.20 0.20 0.20 0.05 0.60 0.40 b 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 25 g L 1 0.00 0.00 0.00 0.00 0.80 0.37 ay 1.20 0.48 az 0.00 0.00 0.00 0.00 1.00 0.31 ay 1.60 0.50 az 0.40 0.40 by 0.40 0.24 c 0.20 0.18 1.00 0.44 a 0.20 0.20 0.20 0.20 0.40 0.24 bz 1.20 0.37 b 50 g L 1 0.40 0.24 ay 0.00 0.00 1.60 0.60 ay 1.40 0.60 ay 1.20 0.37 ay 0.20 0.08 ay 1.60 0.24 ay 1.80 0.48 ay 1.00 0.44 ay 0.80 0.48 ayz 1.00 0.54 ay 1.40 0.50 ay 0.80 0.37 ay 0.60 0.40 ay 1.20 0.37 ay 0.00 0.00 azy ent chromosomal abnormalities induced by aqueous leaf extract of S. mukorossi at 50 g L 1 concentration was significant when compared to control (p 0.001) and was in the following order, C-m (2.0%), STC (1.8%) PS (1.6%) MN (1.4%) Lg and FR (1.0%) BR (0.6%), Vagrant (0.40%). Mitotic abnormities in root tips of genotype VRP-6 treated with different concentrations of aqueous leaf extract of L. leucocephala. C-m and STC were the most commonly found (1.6%) whereas MN was the least observed at 0.40%. The incidence of different chromosomal abnormalities induced by aqueous leaf extract of L. leucocephala at 50 g L 1 concentration was significant when compared to control (p 0.001) and was in the following order, C-m and STC (1.6%) laggards and vagrant (1.2%) PS and FR (1.0%) BR (0.80%) MN (0.40%).
Mitotic abnormities in root tips of the genotype KPM-522 treated with different concentrations of aqueous leaf extract of L. leucocephala. C-m was the most commonly found (1.8%) whereas MN and vagrant were not found. The incidence of different chromosomal abnormalities induced by aqueous leaf extract of L. leucocephala at 50 g L 1 concentration was significant when compared to control (p 0.001) and was in the following order, C-m (1.8%) FR and STC (1.4%) PS (0.8%) BR (0.6%) Lg (0.2%). Overall inhibitory effect of the extract on chromosomal aberrations of L. leucocephala is larger than that of S. mukorossi.
Discussion
Extracts of the leaf of most of the medicinal plants have a composite mixture of certain phytochemicals which may contain both antimutagenic and mutagenic properties. Previous studies have shown that aqueous extracts of a few plant species have phenolic compounds (Siddiqui et al. 2009 , 2014 , Siddiqui 2016 (Rice 1984, Turk and Tawaha 2002) .
In the present investigation, cytogenetic assay of aqueous extracts of two medicinal plants S. mukorossi and L. leucocephala was done to find out their clastogenic potentialities by means of P. sativum root tip cells since aqueous extracts of the plants are used in traditional medicine (Adegbite and Sanyaolu 2009) . The chromosomal aberrations found in the treated P. sativum root cells were certainly induced by the constituents found in S. mukorossi and L. leucocephala leaf extract because no aberrations were detected in the control. This advocates that S. mukorossi and L. leucocephala leaf extract might be genotoxic at the chromosomal level, specifically at higher concentrations. Chromosomal aberrations are threats related to herbal medications because of the effects of alkaloids, flavonoids, terpenoids, tannins, carcinogens, etc., found in the plants (Kurnkum 1993) . Presence of MN, STC, Lg, C-m, PS, FR, BR and vagrant is a suggestion of the ability of S. mukorossi and L. leucocephala leaf extracts in instigating chromosome aberrations, causing genetic discrepancy in the genome.
Presence of chromosomal aberrations in P. sativum root cells treated with higher concentrations of S. mukorossi and L. leucocephala leaf extracts is a suggestion that the leaf extracts might be cytotoxic to human genomes. Based on the results of the present investigation, it could be concluded that the aqueous extracts of two medicinal plants have a considerable inhibitory effect on seed germination, radicle length, mitotic index and, increase in chromosomal aberrations in root tip cells of the genotypes VRP-6 and KPM-522. Based on the occurrence of different types of chromosomal aberrations as found in the present investigation, it might be logical to conclude that the aqueous extracts of two medicinal plants may reveal genotoxic influence on the plant at higher concentrations. More study of the mechanism of the effect of aqueous extracts of two medicinal plants on animals is necessary.
